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“We have found the secret of life!” With this phrase resounding in a Cambridge, UK pub
in February 1953,  Francis  Crick publicly  announced the discovery of  DNA structure
(Watson 1953). That same year, a lesser-known discovery confirmed the ambitions of
scientists to push the mysteries of living things even further. By simulating a primitive
terrestrial  atmosphere  in  his  Chicago  laboratory,  Stanley  Miller  synthesized
elementary molecules of living things in the absence of any biological process. In doing
so  (Miller  1953),  he  responded  to  an  injunction  from  40  years  before  by  biologist
Jacques Loeb: “We must either succeed in producing living matter artificially, or we
must find the reasons why this is impossible.” (1912). The race for creating laboratory
life was on; research teams multiplied and followed one another in the scientific world,
leaving  behind  hybrid  objects,  not  quite  alive,  not  quite  inert.  The  Biochemistry
Laboratory of the City of Paris Industrial Physics and Chemistry Higher Educational
Institution (École supérieure de physique et de chimie industrielles de la Ville de Paris; ESPCI),
which  constitutes  my  field  of  ethnographic  investigation,  makes  up  part  of  this
ambition.
1 The laboratory focuses in part on empirical and theoretical models of the transition
from the inert to the living in a perspective of research on the origins of life. It has
around thirty  researchers  with  varied  backgrounds.  Biologists,  chemists,  physicists,
experimenters and theorists collaborate to study living organisms at molecular levels
from  fundamental  and  applied  perspectives.  Most  use  and  develop  the  rapidly
expanding  technique  of  droplet  microfluidics.  It  consists  of  massive  production  of
water droplets of micrometric size emulsified in synthetic oil, generating thousands of
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microcompartments  within  a  few  minutes  (Figure  1).  These  droplets  are  produced
using  microfluidic  chips  a  few  centimeters  in  length  (Figure  2).  They  are  made  of
microchannels  etched  into  a  material  forming  a  microfluidic  circuit,  into  which
different  immiscible  liquids  (water  and oil)  are  injected  to  generate,  circulate,  and
manipulate droplets. Lab researchers use these droplets to test biochemical reactions in
the thousands for high throughput analyses. In the Chemfit (Chemical Fitness) project,
the subject of this ethnography, these droplets are used to mimic biological cells, with
the aim of experimentally modeling a possible stage in the appearance of life, a process
which remains a mystery for scientists.
 
1. Water droplets in a microfluidic chip
The researcher displays this image in real time on a computer situated next to the microscope.
Credit: Cyrille Jeancolas
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2. Microfluidic chip placed under a microscope
The experimenter connects it with hoses to inject different fluids into it. As a result of the convergence
of liquids, the droplets increase rapidly in the circuit engraved within. For a photo of the circuit, see
figure 10.
Credit: Cyrille Jeancolas
2 This modeling is the construction of an empirical system meant to share properties
with a phenomenon, which by its  realization will  make the latter more intelligible.
Since the phenomenon in question is the origin of life, the result is an epistemological
and pragmatic problem. There is currently no scientific consensus on the definition of
life (Cleland 2012). Most of the time, researchers establish or use definitions defending
systems for  explaining vital  processes  perceived as  such,  or  theories  of  life  (Pitrou
2019) competing with one another. However, it is widely accepted by scientists that no
current definition or theory of life allows us to characterize the phenomenon in its
entirety. How then can we consider modeling something that we still cannot define?
What are the conceptions of life integrated by Biochemistry Laboratory researchers
into this model? Is there a reciprocal influence between experimental techniques used,
empirical  results  and  theories  of  life  employed?  I  will  begin  by  detailing  what
conceptions of living things are supported by scientists, which determine choices of
techniques  used,  as  well  as  the  artifacts  synthesized.  I  will  proceed  to  describe
techniques used to create and analyze microfluidic droplets designed to mimic living
things at the cellular level. I will then demonstrate how researchers integrate these
droplets into environments and dynamics to model life. I will conclude by highlighting
the  circularity  between  theories  of  life  and  techniques  of  imitation  and  modeling,
leading to a regular reformulation of the categories in question.
3 I  distinguish between the living and life.  The first  corresponds to  all  living beings,
material objects that support life. Life, by contrast, is the set of efficient causes that
keep living beings in existence.  Therefore,  I  propose to speak of imitation of living
things to designate the production of objects meant to exhibit properties observed in
living beings. On the other hand, I speak of modeling of life to refer to establishing a
system that reproduces an environment in which conditions are created to bring about
and maintain living beings in existence. In this sense, the production of microfluidic
droplets is seen as an imitation of living things - in this case, an imitation of cells -
while their manipulation in microfluidic chips consists of a modeling of life. This is the
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heuristic hypothesis based upon which I wish to describe relevant practices observed at
the Biochemistry Laboratory.
4 Within this research team, I am primarily a Ph.D. student in molecular biology. Yet my
project has a reflexive dimension, combining social anthropology and epistemology. To
do so, I associate my workplace with a privileged field of ethnographic investigation
(for  a  detailed  example  of  laboratory  ethnography,  see  Latour  1979).  I  am  both
participant  and  observer  of  most  of  the  events  I  will  describe.  The  participant
observation that I present in this article is therefore an analysis of the anthropology of
science executed by a scientist discovering anthropology, and not by an anthropologist
discovering  natural  science,  a  more  frequent  phenomenon.  This  foray  by  the
anthropology  of  science  into  a  laboratory  researching  the  origins  of  life  meets  a
demand by certain scientists in the field, who believe that it is necessary and urgent to
study their practices with, and conceptions of, the living (Benner 2010). My approach
belongs to the convergence of the anthropology of technology and the anthropology of
life, aiming to account for differences in conceptions of life and of the living in society
across  time and space  (Pitrou  2014).  These  techniques  are  proving  to  be  preferred
vehicles  for  studying  theories  of  the  life  by  those  who  use  them  in  a  manner
demonstrated by the work of Ludovic Coupaye in Papua, employing the operational
chain to reveal an interweaving of technical processes and vital processes in cultivating
yams, assimilated to organic artefacts (growing artefacts) (Coupaye 2013). Conceiving
living things through the prism of manufacturing is found in traditional,  as well  as
technoscientific,  societies.  Ethnographic  surveys  performed  by  Sophia  Roosth  in  a
synthetic biology laboratory and recounted in her book, Synthetic:  How Life Got Made
(2017) concur with those done by Perig Pitrou among the Mixe of the Oaxaca region of
Mexico, for whom the birth of a child is comparable to the firing of a pottery artefact
(Pitrou 2017). Similarities between making and growing objects, specifically detailed by
Elizabeth Hallam and Tim Ingold in Making and Growing (2016), appear to support the
application of instruments from the anthropology of technology and the anthropology
of life in the Biochemistry Laboratory, where life is a matter of construction. In such an
enterprise  of  imitating  living  things  and  modeling  life,  the  assembly  of  properties
selected  for  epistemological  and  pragmatic  reasons  results  in  fabricating  entities
situated somewhere between the inert and the living.
 
Origins of life and production of artefacts
In the field of research on the origins of life, the division between the inert and the
living is  continuous,  rather than discreet.  It  is  imagined as a more or less tortuous
branched path, along which it is theoretically possible to establish a degree of aliveness
scale,  codified  in  the  terms  “aliveness”  and  “lifeness”  (Sutherland  2017,  Malaterre
2010). Therefore, entities manufactured or imagined between the two poles of the inert
and the living have a more or less strong degree of aliveness. In this sense, some objects
may be more alive than others.  But  this  type of  degree of  aliveness  scale  is  rarely
conceived in a single dimension.  It  is  more like a tremendous complex pyramid,  in
which "a living being cannot lack anything, if one accepts that there are a thousand
and one ways of living," to cite the philosopher of science Georges Canguilhem (1952).
To explore this space of the degree of aliveness, Biochemistry Laboratory researchers
opt  for  a  synthetic,  rather  than historical,  approach.  That  is,  they do not  claim to
provide answers about the historical origin of life as we know it, but seek to fabricate
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artefacts  that  could  model  a  universal  transition from the  inert  to  the  living.  This
synthetic  approach  is  often  found  in  synthetic  biology,  in  which  living  things  are
constantly reconstructed to be understood, and where the theoretical physicist Richard
Feynman's maxim, “What I cannot create, I do not understand,” is frequently repeated.
5 In this approach, the concept of “materialized theory” (Bachelard 1934) assumes a full
meaning. Artefacts produced in the laboratory to bridge the gap between the inert and
the  living  embody  theories  of  life  presupposed,  explicitly  or  not,  by  creators.  The
weight of epistemological culture of relevant researchers is therefore considerable (Fox
Keller 2002, Burnam-Fink 2018). A different theory of life will duly result in a different
artefact, which I propose to term protolife (for other uses of this concept see Pascal and
Pross 2017 and Mann 2013). The prefix “proto” refers to the notion of prototype as
much in its technological  sense of the “first  real  model of  an object,  of  a machine,
established in order to develop it before undertaking mass production” (Dew. Technol.
1973) than in its biological acceptation of "primitive form to which we can trace later
forms" (Séguy 1967). In the use I make of it,  protolife is therefore the result of the
manufacture of a prototype designed to be part of a gradual appearance of life. Note
that the concept of infralives developed by Thomas Heams in Infravies – Le vivant sans
frontières (Infralives: The Living without Borders; 2019) differs (Jeancolas 2020). It refers to
all real or imaginary, natural or man-made entities situated between the inert and the
living,  including protolives but characterizing a larger entity.  Protolives are indeed
artificial prototypes that are incorporated in a rise in the standard of living, in terms of
theories of life by their designers. The notion of infralife does not characterize this
prototyping, which is specific to research on the transition from the non-living to the
living.
6 In the Biochemistry Laboratory, manufactured protolives are vectors of theories of life
by  their  designers  who usually  define  a  living  being  as  “a  self-sustaining  chemical
system capable  of  Darwinian evolution”  (the  definition officially  adopted by  NASA)
(Joyce 1994).  The same researchers define Darwinian evolution as  a  combination of
reproduction with inheritance,  variation,  and selection (Maynard Smith 1958).  This
definition has weaknesses and they are aware of its epistemological limits. They do not
claim  to  use  definitions  that  capture  the  true  nature  of  things.  These  are  called
“working definitions,” designed as heuristics to facilitate the researcher’s task. Their
use greatly determines the nature of protolives produced in the laboratory, which in
turn influence the underlying theories. As the aforementioned definition of life accords
a key role to Darwinian evolution, Chemfit project scientists leapt to the conclusion
that to generate life, one must generate evolution (unless otherwise specified, the term
"evolution" as used here implies Darwinian evolution). Their goal or "Holy Grail" to use
a term many times pronounced,  is  the emergence of  evolution.  In this  project,  the
handling of microfluidic droplets is entirely devoted to this objective. This approach is
a stance assumed in the heterogeneous field of research on the origins of life. Without
questioning the importance of evolutionary mechanisms in the functioning of living
things,  other scientists do not think that evolution was a founding principle of  the
emergence of life (Gabora 2006). In this sense, the droplets experiments created at the
Biochemistry Laboratory reveal a theory about the origins of life, and therefore life
itself.
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Imitating cells, creating protocells
Described for the first time in 1665 by Robert Hooke in Micrographia (1665), the cell
(figure 3) is recognized within the framework of cell theory as the elementary unit of
living  beings,  whether  they  are  single-cellular  like  bacteria  or  multicellular,  like
humans.  These  cells  share  common  characteristics  of  being  micrometric-sized
compartments,  delimited  by  a  lipid  membrane  and  possessing  genetic  information.
They all  work in much the same way,  but their different specializations reflect the
phenomenal diversity of the biosphere and the organs of a single living being, due to
varying genetic expression.
 
3. Cells in direct visualization under a microscope
Cell culture and protocellular culture, present together at the Biochemistry Laboratory.
Credits: Cyrille Jeancolas
7 Cell theory generally proceeds in pace with the principle of biogenesis, according to
which a cell can only come from another cell. This principle stated by Rudolf Virchow
(“Omnis  cellula  e  cellula”),  as  confirmed  experimentally  by  Louis  Pasteur,  remains
highly influential among biologists. Still, researchers working on the question of the
origins of life must overcome this postulate. Indeed, one of the objectives displayed in
this field of research is abiogenesis, or the spontaneous gradual emergence of a cell or
population of cells without the intervention of already preexisting cells. However, in
the Chemfit project, the appearance of an evolutionary dynamic between these cells,
conceived  as  a  necessary  stage  in  the  emergence  of  life,  is  of  great  interest  to
researchers rather than the appearance of those cells. And for good reason, insofar as
the pH is so high in the droplets that no known living thing could survive in such a
system. Nevertheless, the language of biology is omnipresent. Objects and processes
which are not biological are called genome, metabolism, cell, and species. Mostly they
are associated with the prefix "proto," which is essential because it indicates that the
artifacts  are  not  biological,  but  that  they  tend  to  be,  in  the  manner  of  the
aforementioned prototype. Researchers refer to the droplets as "protocells," a term
found in  many other  experiments  aimed at  imitating how cells  work (Lopez 2019).
These  protocells  have  a  double  ontology.  They  are  imitations  because  scientists
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reproduce properties in these objects which are observed in cells;  but they are also
prototypes because they are part of a technological or natural evolution towards more
mature cells, or more faithful copies.
8 To generate and manipulate microfluidic droplets, the experimenter has only pressure
forces.  He  places  small  plastic  containers  of  water  or  oil  solution  into  a  pressure
generator,  then  inserts  small-diameter  plastic  pipes  into  them.  Using  a  computer
connected  to  the  generator,  he  can  change  the  pressure  placed  on each tube.  The
greater  the  pressure,  the  faster  the  liquid  in  the  tube  passes  through  the  pipe
connected to the tube. The researcher then connects the other end of the pipe to the
opening  of  a  duct  cut  into  a  microfluidic  chip,  inserting  it  into  a  pre-drilled  hole
(Figures 4 and 5). Once the pressures are activated, the liquids flow through the ducts
of the chip. Acute pressure adjustment and circuit geometry lead to constant eruption
of  water  droplets  in  an  oil  solution.  When the  microfluidic  chip  is  placed  under  a
microscope,  the  experimenter  may  observe  the  circuit  flow  of  fluids  and  droplet
formation in real time on a screen (Figure 6, video 1). All droplets are generated this
way, regardless of their utilization.
 
4. The experimenter prepares the microfluidic device.
He inserts the plastic pipes at the opening and discharge points of the microfluidic circuit.
Credits: Cyrille Jeancolas
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5. Complete microfluidic device
The experimenter connected the microfluidic chip (center) with a pressure generator (left) through
plastic pipes to circulate different solutions. Other pipes connect the chip to receptacle tubes (right).
Credits: Cyrille Jeancolas
9 The simple fact of being a liquid compartment is the most obvious property that unites
droplets and cells from the researcher’s perspective. Compartmentalization is indeed
the most substantial attribute of the cell, which even derives its name from this aspect,
with  the  Latin  word  "cellula"  meaning  "small  room."  Depending  on  the  circuit
geometry and pressures exerted, the experimenter can vary the size of droplets, which
are slightly larger than a biological cell. The interior of these compartments is filled
with liquid water, an element of paramount importance for all living beings on Earth,
and  which  remains  the  primary  attribute  sought  by  astrophysicists  looking  for
habitable  exoplanets  (Helmreich  2015).  Now let  us  look  at  the  boundaries  of  these
compartments. When preparing solutions, the scientist mixes oil with a surfactant. The
surfactant  stabilizes  the  droplets,  so  that  they do not  merge with each other.  It  is
composed of amphiphilic molecules, in that one end of the molecule is hydrophobic,
while the other is hydrophilic. The lipids making up cell membranes have the identical
characteristic. The droplet surface is coated with a surfactant, as with all known cells.
These droplets delimit in space a compartment with fixed, but not insurmountable,
borders. Indeed, depending on the environment, the droplets are semipermeable. They
only allow certain molecules to pass, permitting a selective back and forth between the
interior and exterior environment. This characteristic is found in all cells which cannot
survive without controlled exchange with an external environment.
10 As a result, microfluidic droplets are semipermeable compartments, filled with water
and lined with amphiphilic molecules, properties shared with all cells of the known
biological  world.  However,  these  characters  were  not  initially  integrated  into
microfluidics for the purpose of imitating cells. These properties result either directly
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from technical requirements or from fortuitous side effects such as semipermeability.
The latter often represents a handicap and is considered as a limit of the technology in
common microfluidic experiments, because it induces leakage of certain compounds
from the  droplet  to  the  external  environment.  A  posteriori,  researchers  seized the
opportunity  presented  by  this  technique  to  deliberately  imitate  cells  and  speak  of
protocells.  Chemfit  project scientists adhere to this approach. To better understand
this  semipermeability,  they created a  series  of experiments to isolate this  property
from living things. By adjusting pressures of liquids in a chip, the experimenter lines up
droplets of different compositions side by side and studies the diffusion of molecules
from one droplet  to another.  The droplets  become smaller  or larger,  depending on
greater  or  lesser  diffusion  of  the  molecules  between  them;  this  is  an  osmosis
phenomenon. In other words, some droplets absorb water from others (Figure 7). By
calculating  the  variations  in  droplet  volumes  under  a  microscope,  the  researcher
determines  the  parameters  of  semipermeability.  This  type  of  experiment  isolates  a
unique property of living things for further study.
 
6. Microfluidic experiment control screen
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Video 1. Formation of water droplets in a microfluidic chip
11 
This media file cannot be displayed. Please refer to the online document http://
journals.openedition.org/tc/14086
Formation of water droplets in a microfluidic chip by Cyrille Jeancolas on Vimeo.
By injecting oil and water into different channels of the microfluidic circuit, the experimenter can
witness the formation of droplets in real time, on the screen connected to the microscope. In the
video, motion is slowed by 200 times.
https://vimeo.com/396910891
Credits: Biochemistry laboratory, UMR 8231, ESPCI Paris
 
7. Water droplets placed in a microfluidic chip (colorized microscopy image)
Preliminary experiment showing variation of the volumes of droplets having alternately different
chemical compositions. Above: start of the experiment. Below: end of the experiment (after a few
hours). In the microfluidic room, researchers extract and analyze the semipermeability property of
living things.
Credit: Heng Lu
12 Chemical reactions that occur in biological cells are intrinsic properties of living things.
But  in  the preliminary experiments  described so far,  such reactions have not  been
discussed. The droplets only differ in their concentration of certain molecules, which
induces a difference in size by absorption of water. This difference in concentration can
be attained if some droplets have reagents and others do not. The resulting chemical
reaction, in some droplets only, induces a difference in concentration and, ultimately, a
difference in size through the phenomenon of osmosis.  Part of the modeling of the
project  is  to  encapsulate  such  reactions  in  droplets.  However,  just  as  with
semipermeability, researchers are undertaking preliminary experiments to isolate and
study  this  other  property  of  living  organisms  before  encapsulation.  To ascertain
concentrations and optimal conditions for preparing this reaction and its  evolution
over time, they study parallel examples in solution format in tubes, with a total absence
of droplets (Figure 8). This chemical reaction, so essential to the project, is commonly
called "the formose project" by laboratory personnel after the name of the reaction
employed.  This  effect  has  the  advantage  of  exhibiting  properties  common  to  cell
metabolism, sometimes referred to as "protometabolism." During the reaction, small
molecules  unite  to  form  longer  ones,  which  then  break  down  into  small  reactive
molecules. The cycle of reactions thus formed is said to be autocatalytic, and is also
considered an essential characteristic of living beings.
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8. Researcher working at the biochemistry bench.
As part of the Chemfit project, the experimenter prepares solutions and studies chemical reactions to
be integrated into protocells. In this room, he extracts and analyzes metabolic and chemical
properties of living things.
Credits: Cyrille Jeancolas
13 Experiments of semipermeability in droplets and chemical reactivity in tubes, which do
not take place in the same room, isolate two properties of living organisms which will
then be integrated into more general modeling. This way of proceeding presupposes
the  autonomy  of  these  two  characteristics  of  living  things  that  researchers  can
assemble in an attempt to construct it.
 
Modeling the environment, modeling life
The protocell, reduced here to a chemical reaction compartmentalized in droplets, is
just the starting point for a model of life and its appearance in the laboratory. The
droplet is not considered by itself, but within a population dynamic integrated into a
medium formed by the microfluidic chip. It provides essential structure and agency for
the evolution of droplets.  Indeed, the circuit geometry determines the formation of
droplets, their size, and future. Most of the time, the chip is planned, built, and used by
researchers themselves. Initially, they draw the circuit wanted by using architecture
software.  They assume the  role  of  architects  by  designing environmental  plans  for
future droplets, to make them appear, grow, and multiply. After the plan is completed,
it is sent it to a company which returns a template in the form of a plastic film on
which is printed a negative of the circuit, allowing them to engrave it on a substance by
photolithography (figure 9). As manufactured chips are often disposable, templates are
the storage forms of microfluidic circuits, which may be found thoroughly repertoire in
the laboratory. Each template corresponds to a circuit, and each circuit is linked to a
property of living things within the framework of the Chemfit project. So there is a
circuit to make the droplets appear, another to incubate them, and another to divide
them.  During  modeling,  the  experimenter  will  convey  droplets  from one  circuit  to
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another through the aforementioned plastic pipes. To manufacture a circuit in a chip, a
relevant template is chosen, and individual chips are created by following a predefined
protocol at the microfabrication platform. Once the chip has been manufactured, and
after chemical treatment, it is ready to be handled under a microscope (Figure. 10).
 
9. Template showing a negative image of a series of microfluidic circuits.
These repertoried templates are the vehicles for storing circuits.
Credits: Cyrille Jeancolas
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10. Microfluidic circuit engraved in a chip
Credit: Adobe Stock
14 Use of the chip makes it possible to carry out modeling experiments on a population of
interacting droplets in which researchers provide an evolution conceived on the scale
of  the  population,  rather  than the individual.  In  this  modeling,  two populations  of
droplets  with  slightly  distinct  chemical  compositions  are  produced.  To  use  the
vocabulary  employed  in  the  project,  I  will  talk  about  “effective”  and  “ineffective”
droplets. I will detail the highly significant choice of these words later. The effective
droplets  have all  the necessary ingredients  to  support  the aforementioned formose
reaction. The ineffective ones are deficient in one ingredient, preventing them from
initiating this  reaction.  After  generating the two populations of  droplets  and using
pipes, the experimenter passes them through another chip with a large space where
they can lie alongside on another on a mat. After an incubation period of a few hours,
the effective droplets grew larger while the ineffective ones became smaller. Due to the
chemical  reaction  taking  place  within  them,  the  former  aspirated  the  water
constituting  the  latter  (figure  11,  video  2).  Final  droplet  size  depends  on  their
proximity to other droplets. An effective droplet in contact with six ineffective droplets
becomes  larger  than  if  it  is  next  to  a  single  one.  These  neighborhood
microenvironments induce their future variability.
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11. Microscopic images of a population of carpet droplets in a chip, before and after incubation
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Video 2. Differential growth of water droplets in a microfluidic chip
15 
This media file cannot be displayed. Please refer to the online document http://
journals.openedition.org/tc/14086
Differential growth of water droplets in a microfluidic chip from Cyrille Jeancolas on Vimeo.
Droplets which contain all necessary ingredients for creating the formose reaction aspirate water
from the droplets lacking it. The video’s motion is sped up 120 times (actual duration of two hours).
https://vimeo.com/396911595
Credits: Cyrille Jeancolas
16 After a few hours of incubation, the microfluidic chip is filled with droplets that have
increased or diminished. In the modeling process, the researcher then proceeds to the
step of selective division. Droplets are conveyed to a new chip with a T-shaped junction
in its circuit (Figure 12). The geometry of this junction is such that only droplets that
have reached a sufficiently large size will  bisect  when passing through this  circuit.
Droplets under this size collide, but do not divide (Video 3). As a result, this passage
induces doubling of the effective droplets, compared to the ineffective ones. In short,
because one population of droplets has a different chemical composition, it aspirates
water from another population;  this  aspiration increases the volume of  individuals,
multiplying at the expense of the other population. Selective division emphasizes the
agentive  nature  of  the  environment.  Indeed,  a  population  of  specific  droplets  in  a
specific  environment  results  in  division.  In  a  way,  the  function  of  cell  division  is
externalized to the environmental level, further blurring individual boundaries.
 
12. Three microscopic images showing division of a droplet across a T junction
The droplet is propelled from left to right and only divides if it has reached a minimum volume.
Credits: Cyrille Jeancolas
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Video 3. Selective division of water droplets across a T-junction
17 
This media file cannot be displayed. Please refer to the online document http://
journals.openedition.org/tc/14086
Selective division of water droplets across a T-junction from Cyrille Jeancolas on Vimeo.
By traversing T-junctions in a microfluidic chip, only droplets reaching a sufficient size will divide.
Researchers interpret this as the emergence of natural selection. Real time.
https://vimeo.com/396912176
Credits: Cyrille Jeancolas
18 After the division is accomplished, the researcher collects all the droplets at the point
of discharge to perform what is termed a "second round." This is done to inject a new
population of ineffective droplets. During a new incubation, effective droplets from the
division once again pump water from the new arrivals and their volumes increase again
upon contact. By passing them back through a T-shaped junction, the experimenter can
reproduce  the  result  and  maintain  protocellular  reproduction  over time.  But  for
technical reasons, the experiment was not carried on beyond the second round. The
association of periods of growth and then division is gratifying to scientists, who see it
as a "protocellular cycle" (figure 13), in analogy with the cell cycle, including stages of
growth  and  division.  During  these  cycles,  formation  of  droplets,  their  growth  and
division  occurs  in  three  different  chips.  Properties  specific  to  living  things  in  this
modeling  of  life  result  from  interaction  of  populations  of  individuals  with  an
environment established one at a time.
 
13. Diagram showing main stages of the established protocellular cycle
Squares represent microfluidic chips. Red circles are effective droplets and blue circles are ineffective
ones. Light blue circles are ineffective droplets added later.
Credits: Cyrille Jeancolas
 
Theories and experiments: circularity connections
Biological concepts are reshaped according to experimental results. These successions
of steps, the result of arduous repetition, allow researchers to conclude that a natural
selection has emerged, without reference to Darwinian evolution, which would require
more properties.  By  analogy between observed natural  vital  processes  and induced
artificial  processes:  different  genotypes  (chemical  compositions)  lead  to  different
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phenotypes (droplet  sizes);  and subjected to  selection pressure (T-shaped junction),
only populations of subjects with a specific trait (large volume) increase. One challenge
of this modeling is  to find physicochemical  equivalents to purely biological  notions
such as genotype or phenotype. This work is essential to be able to model a gradual
transition  from  the  physicochemical  world  to  the  biological  one.  It  encourages  a
continuous  redefinition of  conceptual  categories  and their  application according to
experimental results. For example, the notion of inheritance is redefined repeatedly
during the experiment, and is finally replaced by that of heritability, considered more
flexible.  The  concept  of  environmental  variation  is  also  reconfigured.  Before  the
experiments, the milieu is designed as an environmental variation of the microfluidic
chip (temperature, chemical environments). But unexpected empirical results extend
the environment to the protocell population. Heterogeneous distribution of different
droplets relative to each other in the chip induces environmental variability through
neighboring  effects.  Droplets  become  both  objects  and  causes  of  environmental
variations.
19 This  influence  of  experiment  on  theory  is  even  more  evident  when an  unforeseen
empirical phenomenon quickly leads to the emergence of a new notion of "death." If
the ineffective droplets reduce in size for too long, they concentrate calcium which
precipitates on the surface to form a hard layer surrounding the entire droplet. The
shape of the latter takes on the appearance of a stone, and is said to be "petrified"
(figure 14).  Researchers observe that  this  shell  prevents any exchange between the
interior  and  exterior  of  the  droplet.  Therefore,  even  in  the  presence  of molecules
favorable to growth in the medium, these droplets remain inert and can no longer
grow. The word goes out promptly: "They are dead." The cessation of all exchange and
inability  to  alter  form  prove  sufficient  to  provide  the  researcher’s  conceptual
framework with a new notion of death as it applies to protocells, namely the death of
an object  not  completely  alive,  but  also  not  quite  inert.  Subjective  attribution of  a
capacity to die, exclusive property of the living, constitutes crossing an additional level
on the scale of aliveness. In this context, an organism must be accessible to its exterior
to be considered alive. Likewise, over the course of these experiments, the notion of
aging  has  developed  in  scientific  discourse.  In  fact,  a  parasitic  reaction  depletes
droplets of reagents after a few hours (Cannizzaro reaction) and "fresh" droplets must
be added to restart a second cycle. For researchers, protocellular old age may then be
understood as the exhaustion of a chemical reaction, inducing a slowdown in growth.
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14. Microscopic image of so-called "dead" droplets
If the incubation is too extended during the experiment, a solid deposit forms around the droplets,
preventing any exchange with the exterior.
Credit: Heng Lu
20 Building on the accumulation of theoretical and empirical results, researchers fix and
renew concepts  occur during discussions.  They debate principal  biological  concepts
that  may  apply  to  their  system.  They  review  results  and  analogies  to  assess  their
relevance and explanatory power. The implicit goal of these meetings is to raise the
degree of  aliveness  of  the  artifacts  produced as  much as  possible,  while  remaining
rigorous.  Chemfit  project  scientists  are  convinced  of  the  elevated  lifespan  of  the
droplets, based on the terms they exchange in conversation. Droplets before divisions
are  called  "parents"  or  "mothers"  and,  when  divided,  "children"  or  "daughters."
Reagents of the formose reaction are called "food," or colloquially "chow," "eaten" or
"fed on" by droplets. Researchers consider the degree of aliveness of droplets caught in
this dynamic to be so advanced that it even becomes possible to identify with a droplet
and think like one. At a meeting, a scientist might suggest: "That means as soon as I
have the chow, I consume it immediately," while another replies: "Yes, in essence you
will eat your own chow." The use of these pronouns is irrevocable. By tacit agreement,
a researcher becomes a droplet and meeting participants join this role playing as if it
were self-evident. In this imaginative work shaped by dialogue, droplets are alive and
well.
21 It is also essential to underline that the metaphor of the living/machine, widespread in
the world of biological research (Nicholson 2013), is definitely not used by researchers
on the project.  Whereas  food is  often equated with “fuel”  in  biologists’  vocabulary
(Boldt 2018),  the response in this case is  categorical.  The reagents are food, but no
mention of fuel is ever made. They do not think of themselves as machine builders, but
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rather cooks who regularly discuss "ingredients to make life". Their goal is to add the
correct  ingredients  under  the  correct  conditions  to  start  the  process  of  life,  not
assemble a living being piece by piece.
22 Vocabulary  alters  during  the  course  of  experiments,  analyses  and  discussions.  The
change  is  especially  motivated  by oral  presentations,  laboratory  meetings  and
conferences, where it becomes a question of convincing the scientific community of
successfully having raised the life level of protolife significantly. Therefore, changes in
vocabulary used to name the two main populations of droplets are highly revealing. As
a reminder, on the one hand the two populations correspond to droplets that increase
and then divide, and on the other hand, to droplets that reduce and do not divide. At
the start of participant observation, the populations were characterized as "effective"
and "ineffective," as discussed above. These words presuppose an apparent finality in
action.  Droplets  are  considered  effective  if  they  achieve  a  goal  (here  growth  and
division) and not if  they fail  to do so.  An object,  like a human being, can be called
efficient; efficiency is not a quality unique to living things. But after several months of
using these words, a researcher breaks new ground in a spoken communication for the
lab's  weekly  seminar.  In  the  presentation,  the  droplets  now  become  "lucky"  or
"unlucky".  This  change  is  fraught  with  presuppositions.  In  the  daily  life  of  the
laboratory and elsewhere, the word "lucky" is generally used to refers to a living being
who accidentally encounters events favorable to the realization of projects. If the idea
of  a project were already present behind the term "efficient," two new notions of life
and chance are introduced with the qualifying adjective "lucky." Inserted into a new
narrative of restitution, the droplets are fully alive and their destiny occurs by chance.
I believe that the intentional introduction of chance into the narrative owes nothing to
chance, so to speak. This property is indeed an essential prerequisite for Darwinian
evolution  in  which  variations  must  appear  randomly.  Introducing  the  property
amounts  to  significantly  increasing  the  experimental  system’s  degree  of  aliveness.
Other spoken communications thereby includes the words "winner" and "loser." The
notion of chance disappears but that of competition, also essential to the theory of
evolution,  becomes  apparent.  Each  word  becomes  a  rhetorical  instrument  for
convincing the community of the project's achievements (Figure 15).
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15. Conference presentation of results 
During spoken communications of their results, researchers try to convince colleagues of the
relevance of their modeling of living organisms.
Credits: Cyrille Jeancolas
23 While no one has yet succeeded in producing living beings from the inert, many studies
have  created  and  are  still  creating  a  multitude  of  protolives,  of  which  the
aforementioned microfluidic droplets are an example (figure 16). Behind this term, I
am referring to objects made, and intended as part of a transition from the inert to the
living. They are embodiments of theories of life maintained by scientists who make
them.  Therefore  they  are  hybrid  objects,  materially  and  epistemically.  Because
protolives are synthesized with intent to produce one or more perceived properties of
living things, they are inseparable from a dynamic aimed at increasing their quality of
life, as in the case in the Chemfit project.
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16. Microscopic image showing three populations of droplets in a microfluidic chip
These populations of droplets interacting in a milieu are prototypes of living systems, or protolives.
Credit: Heng Lu
24 In  the  Chemfit  project,  scientists  incorporate  properties  of  living  things  that  they
perceive  and  theorize  into  new  objects.  But  that  does  not  mean  that  it  is  a  fully
biomimetic project;  this  term is  never used by researchers.  In its  current meaning,
popularized by Janine Benyus (1997) but also used in previous publications, biomimicry
generally  consists  of  observing  the  biological  world  and  transposing  some  of  its
properties to manufacture new objects. This apparent simplicity conceals a tangle of
technical and vital processes, where, for example, observation is the result of learning
about perception and technical and ecological impressions (Kamili 2019). Biomimicry,
derived from the Greek “bios” for “life form” and “mimêsis” for “imitation,” suggests a
singularity  of  the  living.  But  Chemfit  scientists  conceptualize  life  forms  as  mere
particular  states of  the  physicochemical  world.  The  notion  of  degree  of  aliveness
largely  reconfigures  this  “bios”  into  a  set  of  interwoven  processes.  Indeed,  many
researchers do not draw inspiration from the liveliest part of the life scale to imagine
and  produce  protolife.  On  the  contrary,  they  also  draw  inspiration  from  the
physicochemical world to imagine the transition from the inert to the living (Saladino
2018). To think about the living, they must first think about the non-living in a broad
and unified framework (Pross 2011).
25 The diversity of knowledge about life is partly translatable by a diversity of protolives,
resulting from different technical productions. Among them, we find the technique of
droplet microfluidics,  not usually used in this perspective. It  is mainly employed to
form thousands of compartments for testing thousands of different chemical reactions.
Chemfit  researchers  use  them to  model  a  gradual  onset  of  life.  It  is  a  question  of
modeling the unknown by a new process. However, a biomimetic component remains
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in this project.  It  is  located at the level  of  the objective to be achieved, which is  a
property of living things towards which the protolife must be made to tend; in our case,
it is mainly evolution by natural selection. But biomimicry here is limited to identifying
properties that protolives must acquire. Much of the work of researchers consists of
developing a set of interacting synthetic artifacts, within which such properties will
emerge,  without  necessarily  drawing  inspiration  from  living  things.  The
epistemological  modeling  approach  of  the  Chemfit  project  scientists  whom  I  have
studied follows: by setting biomimetic objectives (Darwinian evolution), they develop
new technical processes (compartmentalized chemical reactions) to raise the degree of
aliveness in the protolives produced (dynamic populations of droplets). This modeling
of  the  transition  from the  inert  to  the  living  is  the  result  of  reciprocal  influences
between  theories  of  life  and  experiments.  The  central  place  given  to  Darwinian
evolution  partly  determines  the  shape  of  the  protolives  to  be  synthesized,  and
unexpected attributes  which they present  in  turn modify  the conceptual  landscape
relating to living things. The experimental phase of the project being over, it is now for
Biochemistry Laboratory researchers to recount in an article the theory of life that
they  have  momentarily  incorporated  in  their  protolives  by  using  microfluidic
techniques.
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ABSTRACTS
In scientific research on the origins of life, the boundary between the non-living and the living is
conceived as gradual and there are entities with varying degrees of aliveness. In order to explore
this  transition,  researchers  at  the  Laboratory  of  Biochemistry  of  ESPCI  Paris  are  building
prototypes of living systems that are supposed to progress towards life. These artefacts, which
the author proposes to call protolives, embody their creators' conceptions of life and influence
them  in  return  by  the  manifestation  of  their  properties,  interweaving  technical  and  vital
processes. One project in particular involves the technique of droplet microfluidics to develop a
protolife engaged in experimental modeling of the transition from the non-living to the living.
By  producing  microscopic  water  droplets  assimilated  to  protocells,  the  researchers  are
mimicking biological cells. The establishment of an interconnected population of these drops in a
dynamic of natural selection then leads to a model of life according to the selected criteria. As
the technical assemblies, empirical results, analyses and discussions progress, the researchers
perceive  an  increase  in  the  degree  of  aliveness  of  their  artefacts  in  a  constant  exercise  of
interpreting the emerging properties of the system. The ethnography mobilized is the result of a
participatory  observation  conducted  by  a  scientist  from  the  same  laboratory  engaged  in  an
anthropological reflexive project. Research on the origins of life and the synthesis of protolives
benefit from being resituated in the contexts of the determining epistemological cultures specific
to the scientific communities involved.
Dans la recherche scientifique sur les origines de la vie, la frontière entre l’inerte et le vivant se
conçoit de façon graduelle et il existe des entités ayant un degré de vie variable. Afin d’explorer
cette  transition,  des  chercheurs  du  Laboratoire  de  biochimie  de  l’ESPCI  Paris  fabriquent  des
prototypes de systèmes vivants supposés s’inscrire dans une progression vers la vie. Ces artefacts
que l’auteur propose d’appeler protovies incarnent les conceptions de la vie de leurs créateurs et
influencent  en  retour  ces  dernières  par  la  manifestation  de  leurs  propriétés,  imbriquant
processus techniques et processus vitaux. Un projet en particulier mobilise la technique de la
microfluidique en gouttelettes pour mettre au point une protovie engagée dans une modélisation
expérimentale  de  la  transition  de  l’inerte  au  vivant.  Par  la  production  de  gouttes  d’eau
microscopiques assimilées à des protocellules, les chercheurs imitent des cellules biologiques.
L’établissement d’une population interconnectée de ces gouttes dans une dynamique de sélection
naturelle aboutit alors à une modélisation de la vie selon les critères retenus. Au fur et à mesure
des  assemblages  techniques,  des  résultats  empiriques,  des  analyses  et  des  discussions,  les
chercheurs perçoivent une élévation du degré de vie de leurs artefacts dans un exercice constant
d’interprétation  des  propriétés  émergentes  du  système.  L’ethnographie  mobilisée  est
l’aboutissement d’une observation participante menée par un scientifique du même laboratoire
engagé dans un projet  réflexif  anthropologique.  La recherche sur les  origines de la  vie  et  la
synthèse  de  protovies  gagnent  à  être  resituées  dans  les  contextes  déterminants  de  cultures
épistémologiques propres aux communautés scientifiques impliquées.
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